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ABSTRACT 

PROBLEM TO BE SOLVED: To reduce a pipeline stall clue to a data hazard of a 
superscalar system and to improve the processing speed by changing an 
instruction in 1st instruction format stored in an instruction memory into 
an instruction in 2nd instruction format. 

SOLUTION: The instruction is taken in a 1st stage from the instruction 
memory and the instruction taken in the 1st stage 101 is decoded in a 2nd 
stage 103. The decoded instruction is executed in a 3rd stage and when the 
execution result is written in a register in a 4th stage 107, the 
instruction in the 1st instruction format stored in the instruction memory 
is changed into the instruction in the 2nd instruction format and executed. 
Consequently, the pipeline stall due to the data hazard of the superscalar 
system can be reduced and the processing speed is improved. 
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■?a^£ft£*/!?Ri-5S2 0);i7 i -v?fc. fifes 20 

* 7 1 - vT'/S?^ £ n7tift£-*r3lff1- 5l30^r-y 

• £ &trS 4 ro^r — v-' £ T'fc 0 , 
mtl^^^^V {d*»S*L5lBl 0)^7;*— r y KO 

mzm2<Dti$y*-^ y Hi. »»*><ft-|C*J^-C^l 
<a*~7>Kfcf!2<0;^7>K>*r*ll®U i3«t 

- £ ^#mt-r^is*ri 1 icfe^x-^saa^So 

[19**1 3] fflK!S2i0*T--v?tt, ittf^*^^ 

SB 3 o;*^— ^K&fcB-f o Z £ £ 2 K 

[15**14 ] mJf2IS*if 3 K:IEtt<&T-**ag3£Bli, 

[18**15] JfflfEftfTA^flHE&TcUy^rortSS:-*- 
<£> £ * u 9 \z&&tZ r - * ■*> 5 

[lit*il6] lWrlE5fefffft*a5«£iSjcOUy^^<OrtSSr 
[i»*iS7] |JWE^A^#e2S5Gl'y**0>rtS£O 

[IS*il8] WE*2«)4»^7*— ^ j/ Hi. iWESSi 

-f 3 ' £ S:««>-*-5BI*« 1 KEiW^-J'MgK 
S= 

[If*^9] 1^112 O^T-vfi. 
£ SrttttJLT, 

l -rm 3 <n*T—. sr-mmi- © z £ £ -fa 11 



**I8 lifeft^-r-^jaglSS, 

> i-5 - £ £ -t- s it **i 2 i^fEitwx-^ 

[fi*ili l] MiSIBioA^^*— Hi. 2.'<^ 

[it*in 2] mEjfcfTA^iEaiTcuy^owg.* 

t <0 S * IcitTfe U v ^ 9 (- GiS-f 5 7-' - 9 # T ■*> 

So 

ot, 

fft^^y ;I*S$^ , 3$i^•5@S:5^^ < ^•Sri^c^■ii^J , ^ l -o^ 

i nfcMIS WD^Sr^'JI-lifT 1"5 S5 3 cO x =r 
1 6 ] 1 5 I^FSilcOm 1 CO^X-> il 2 

So 

[89*5 1 7 ] if*rg l 6 iclEjSW^ l <D*7—'J;t* 
[S9*« 18] C P U £ y £ Sr^-w^-rs 

fflEcpua, 



[R#«19] 8lcfE®(Dl|fj!Eift£TB-?' 
14, StJI**l=*JV^T|llO*«<9^ KilS2 0^? 

2 0 ] H*g| l 8 irfEecotfjfS^^T-'n-^ 

[0 0 0 1 J 
[0 0 0 2] 

[&*<0!£fl5] W^nyDtyt (CPU (Central P 
rocessing Unit), -7^ ^ o ^-V^ 3L — 9'$<D'fflfob L 

^(Pipelining) TJlfrf 5-*"f ? o T'n-fe j/f-ft, R 
I S C (Redused Instruction Set Computer) S7*n ir 3/ 

[000 3] ® 1(4, T^^BT'ntytfl/q^ 

EM) Sr^BSLTifcS, «M©*7— (10 1, 10 
3.1 0 5, 1 0 7) lilijifiO^ffl^ (^nj/^r) 

yf» (1 0 2, 1 0 4, 1 0 6) SrtfLTJifclctta 

l^T— ^l o ittA^7* yfZfi? (IF),JH2 
*r-vi 0 3ttft*©flW?&tfU5/**ott*tHL4' 
ft 5 (ID) . SK3^^-i?i0SttA*«ttiJJB*L 
tzm^ZMfitZ (EX) . JH4*?-S?1 0 7ttflt* 
a*Sr(i-W!n'o 8^Ltl2^7-^l 0 3rtlcE 
*Sn*:u^^lc»*ji*Sr!f 5 (WB) . 

[0 0 0 4] H2lCtt/V^ , 9'f ^7400lfl»*Srjaa 



2 CO (a) {^^iiT^-S, EI20 (a) PW&Tvft 
^fc2o0^tt5tfT^OU4 ? ^^**ii*a. StflE 
fH> # <75 U 5/^ * S£ * a L Ir * L T ^ 5 o 
[0 0 0 5] LfcriSo-C, roBH*«*r-5*at L 

II*ft*lll 0 8^LtS3^f-^l 0 5flaiKJ| 
«CbiSai-5. £A±Ofc»OlW«Hfc*sflr*ll 1 0 9, 

1 1 0tfe5„ Z(D|8Sl47a)- !7— r-C V^(Forwardin 

a«rt6fc*S. 4*J, EI2£> (b) rt©£T£l6]^7t 2 

[0 0 0 6] 4*, 7*7^ XSW7*!7— ' 7^ ^ 
ICOV^TII, 1 9 9 4^FMorgan Kaufman Publishers, I 
nc. ^fxtOHennessy et al. f Computer Organization a 
nd DesignJ 6 ^Enhancing Performance with Pipeli 
ning(3 6 2MA»fc4 5 0 JDlJllEftSftTV**. 

[0 0 0 7] &<C, ■WrnT'o-t-ytV&mm&Zfo 
±"f5#*© 1 fflt LT, 7*5C(Superscal 
ar)***. ^ifrsStt, IW*lc*tTT*58t 

*4»0ft*1Kftfl, CT^I4*2<1ICL, -tix^lCUTA* 
7 x. y + h A<#"r = - K 1 1 Wffllc 2 of?^. 5 ± 3 tc L 
1tt><DXhZo -C0S§-g\ ®3(D (a) f-f&ftmL 
lc*Sn*J:5l=, SSWlwlil s/^Sic2oO^ 

o^^TI4, PiS^U^ hn = ^^, 1 9 8 9^11^2 
7 Bf-(No.487), 1 9 1IA>()2 0 0IO rfctfcftR I 
SC, 3feJiMS5r*ALCMOS-?l 0 0MI PStob 

[0 0 0 8] 9**SrJjyB LTV^5 R 

3 0 6 3 4*lCia**nT^a. a-KSfc»«rW 

»5 (^S-ftiWi-5> ; ey<ofi&ffli^>/j:<-f5) 

2^ MtSMOR I SClO-^-f ^oyn 

«*ilTV^*V\ wOCTtt, #H3P - 5 — 1 9 7 5 4 6f- 
[0 0 0 9] 



*) ^zmmzwbMz-tztcibiz. 03 *%^xmw 

[0010] (l)inov R3, R2 r u *R3(7^§£ 

(2) mov 332, R5 r^-^*32*$r U ^R5l^1S¥j 

(3) add R4, R2 r u^;* ^R4WrtgiR2WrtSlr 
JjDgLT. &£&R2t;:ttftj 

(4) and R3, R5 r ^R3WF*3g bR5<Dft®& 

»s»l-c. jsm^Rsicts^j 

±«EA^- (1) (2) , &t>'^ (3) iiflrt* 

(4) icii^ix^x-^Wfe^+S (t-?7b-) 14 
4^. L*»U ^ (1) (3) , RV$i# 

(2) (4) (ctt^n^nx-^(Dfe#ti (x- 

?7n-) ASfc5. -ffcfc^ <fl»* (1) (3) 

<Dm%-?i<'i'X?R2$:&Ri-t2> B 4»£ (2) 

* (4) «)W^TW"^^R5Sr{j[ffl1-5. tft^ 

(1) (7)3lfTaicA* (3) £JtfTL*ft*ltf>5s&fc 
K (2) 0*tTai-4>* (4) £31*7 L4 

[0 0 1 lj EWfclWrf-iA^MfcT*-* 

0 3 0 (a) l^^Wi^i:^ 

a a 3 <73 (b) i^sn5±5 

[0 0 12] ^(Ofcftlc, E13W (C) (OT^tts J: ^ 

-f voaixSriaiB'f-s^ftasaijt.bni. L*»U MS* 
fcA^a***., *flto*ff u-c3itT«piwas 

[0013] fcfcift*?*— r y h&tflfi»<£#£lC X <Q 
[0 0 1 4] 04tC(4, h • 3^7> Kift£ 

'•OP7-f-;UK4 0 lttffe#»tB&»5E"t5. S 1 7 
-f-/UK4 0 3tt*lAfl£#J£-*-5l'v/**#3- (9 
lt^^K) , S 2 7.f-;H>'4 0 4f2H2 A#£# 

a=b+c+d; 

-n$-4/W h ■ 3^7> K4»^**tf5A*J>J (A^- 
W (Al) ) lca*i-5tttTOJ:5«w*5. 
[0 0 19] 
add Rb, Rc, Ra 



Jfcl/y^?ff (SS2 K) , D7^--UK 

4 0 2tta*Sr»*1-6U^^#* (%3*s<7> 

¥ (r-*Sc&) , Jog, SfeK, 4 

hA*#»«4>**OA1S*»fe l f y K£->7 h^o 
gffr^aslladd^O tt3gffl£to$zextadd4 ^©ffi-g-ft^ 
kfl&£ft3=, aslladd^^li^l^7> KOtr y h 
^'^>*rl f y h&->7 h Ltz'&X-mnnMv'ii o h 
<DX\ zextadd^^tt^l^^^KOCy h 
£##£0lcL/c&TiI&OfiD|^ff 3 t><75Tfco = * 

(x-^g&ift^) (Oi^S 2 K4 0 4HM 

(Ic^Uv^^) rt8j6»-£0**D7-f— A- K4 0 2 

[0015] 12 5 |Ctt, 2 h • 2 ^7 ^ K4»^ 

h ixDrnfr^ztiz, msxopy^ — ^ks o i 

t2fft3>t&Hg£f?5£-f So S 17^-/UK5 0 3liflA 
*Sr»i£-t-5l^^^#^- (*1^9>K) , D7 
^ -yH-' 5 0 2 III 2 A* 5r#£t 5 U -^^ ^ (ffi 

>KS:jt^-t-5^i:is-C#5. ®4t^^<T7S2 7^ 

T^-5^T-fo-5o ■f'tl3*>. ^7> KOififc^ lo* 
4V\ ^ "b!C« "9(7D7^-yU h'&i)®4(Di>MZ&^X 

[0016] A^«tElwtt 1 A^eis^^i: 

(x-^G^^) , OiJt^^, n^&fcft*. 1 

#oT:©1^. SI yuKttw^^#-S-c?4 
<, asll^^Sritt^-rafc»rot£3g^^-3- K7j5^$ 

[0 0 17] $T, 4/qh-3t-<7>K^Mi 
[0 0 18] 

(A) 

add Ra, Rd, Ra 

(A^W (A 2) ) fca»i-5fcEJlT<&J:5lwfc5. 
[0 0 2 0] 



mov Rb. Ra 
add Rc.Ra 
add Rd, Ra 

5>KA^ftStt2^>f h • 2it-<7> Kffc^*»lc« 

[0 0 2 1] U'U 2t'<7>'KOK* 
5R|c« 1 -tixHt 2 >- Kfft** 

:-eiiaT©a (B) -eiftifli-a. 

[0 0 2 2] a=b+c; 

4??iJ (Bi) ) lia»i-5t«TOJ:5«c**. 
[0 0 2 3] add Rb, Rc, Ra 

(B2) ) fca»-r*fcEAT<0j: 5lCfc<5. 

[ 0 0 2 4 I 
mov Rb, Ra 
add Rc, Ra 

4 /<w k • 3^-<7> Ko4»^**T*>na:, 7*7 

p^^addW 2 oco^^-rallCT-'— ^ 7d— ^#S-T5 0 o 

mov Rb, Ra 
add Rc.Rd 

7*7-4 LX 1 ? a y tX-MfiX'Z 33? 

-?4>*#, a (B) (B2) T-lix- 

[0 0 2 5] 2 /<W h • 2 ^7 >- KA**3R«> 

4 *--<7> K©J***0tfT-f4*a\ WIEA^W (A 



1) co J; 51:7-^70-^1, 2 h ■ 2 
[0 0 2 6] ^Jt5*>fc#4t-5v^^n7'n-fe y -!flJ, 

[0 0 2 7] *&9i0Katt. 

[0028] *%wcofacoKjais, nfTin»*a*ffl« 

[0 0 2 9] £t>IC x *89!<affil<fl&gli, 2/W h • 

2 K r - * teagll® ffia 

[00 3 0] *«WomiBkt«ct©«so»Hfc*fjK<c 
»*tt*W»»OEi!6at/*(tBliifa»6Mfe*»Jc45-c 

[0 0 3 1] 

[0032] ^scor-^teaasntt. a 

5. 

[0 0 3 3] ^^-flc^itt 2 /<-T h 2 ^5 ^ KA^flc 

T^a-f-io 0*9, *y?-XT-VlZ2ih><£& 

A^Srf'a- Ki"*. 8lJI^7 % -i?OjWWtt2lWB« 
-t LT, R»tS2o0 2*':?>KM#, l 

*5"C**itf2o©A^Srio0 3*'^9>KA* 

tUTJWT^^-i ^icjjlfeni-ao^n -ytxnftZtl 
5 B *^8$S-f5 2o(DA^7 f - : ?7n-Og8^{Cfc 
5^ 1 OC0 3 ^7 ^ KA*lCttlt^'T?t tt^Z k &tit 

mirib. 9t?i&$<n)'-*7 : -9Z'&mtii$<r>it$><» 

[0 0 3 4] ^niCtt), 2oO**SrW*lw||ff-C# 
70-lC<t t)S6Jl5T*)ntf2 y^O^S-SLTV^ 



[0 0 3 5] 

[0 0 3 6] ((v^ ^ n 7"n t y tO^V T'y'f >f- 

[0 0 3 7] 35 1 — i/1 0 0\t$l$y* yf-^T — 
■/t*5, 352 ^-r-v^ 0 0 lifters — K*-r— v 
353 ^T-v^ 0 0(iSI^^-f-v>'T-*)5o 3? 
4*7 1 -v J l 0 0 OliUv^^^(0##ii^i:7*!7 — 

11. 117^^7 50, 35 2 7 yf ft 8 5 0fitfS&3 
9 5 0#S>5. >fc*5, 0 6 ^;^Tro|£^SpiJi;::}oi7 
<5 ; §•*x-•:/f2, x— ^<aij£ft$r^1-i,i75T\ ^-^.7"— 

[0 0 3 8] ((ft^^s/x^x — El 7 {Clim 1 * 
f-y7 0 0 iSl7 fxgf 7 5 0 t Otftt^B y ^ 0 
15 1 **r—'sl 0 0 »i, 7"d^a»^ 

* (PC) 70 1t7sj/fM|UI7 0 2 iA^ J t!; 
7 0 3 tT«^$tlio Il^T-y7 0 0(0^7i 

So 

[0 0 3 9] 7*n 7=7 Uji 7 0 1 <D^~tT Kl/^ 

7 0 4(Ci*£iiL^^p<^U 7 0 3h<75tft*4^ 
-< h (2lft<£) &&tt7 0 5 &ft\*X7 3iy?-%mn 
7 0 2lC7:n;/? : -f£o 71 2/^(11^7 0 2 lC7iy 
f ^Wc2 0C^^^(I§i8 0 3lC^oT> (t*»7 
0 6, 7 0 7lC&fcB-f5o Wt>gl7'/fS7 5 0 

^7ff 7 5 nc{f-§-j®7 o 6©rts*stt*rt$n, 7 

sff-7 5 2lC(t*»7 0 7flrtS45»«Sh3, 7yf 
7 5 llCttgl^, 7yf7 5 2lCli352fft<£#te 
#i*ft5 0 CwT. ^^IJW^|CJ3^T^1^^«M2 

[0 0 4 0] Sfc, 7'n^7A7jr>>-^ 7 0 10ft(C4 
?rftD^7 v c(S5r7'n^7A^'>>'^ 7 0 llcK^Lfcti 

****!;*»?> 4 /<-r hft<n$t$ (2^^-) j7iyf- 

Lil7yfffi7 5 0rtlc?y*-1-5A pHl^x-^ 
7 0 0#»i£1-$ s flU ^i:^^»'67x^f 
Lft4/<W h^^^roSf^l Jy+m 5 01 = 



0 o ft <n x = — x — •✓a* <b , & ;z St L i N 
^^aA^oW'W h$teA»oflHR&ft*t*8 o 3~;rl 
tlU7-y'7 0 0<Dy *-y?-ffl'&U7 0 2iCi*o = 
15 1 *T-->'7 0 0<737=y7 % ffl{j?§B7 0 2 «rn!:i? 

t7) Srfff-^7 0 6, 7 0 7(C^tHL, ^l7ffg|7 
50rtO7yf75l, 7 5 2 ICtMfrta. 
[0 0 4 1] «ft<£x=i — K*X— H8lCiim2X 
T-/8 0 0tl27 s/x©8 5 0 t<D!^7'n y * (S 
ri^fSftS, ^27f-/8 0 0ll 7* = - KSJfDSBS 
0 1 b lsisX?7T<<fr8 0 2 tX-mfc&tlZ, 35 2 7 
f-/8 0 OcD^^-r^— K^r-i/cOSf'ltiWTcoa 

(l) 2ooft*T{£#£ft3A73x-*£fflgU ifc 
fl>8UI*x— ;? (13^7-/9 0 0) lcjg-f 0 
[0 0 4 2] (2) 2 O^^GOx-^ 7 d - 

ft*) /1 5 ffifflLTV^«£(7iltt\ 2o<0<fr^&S*:fil)J* 
f-y'lC(5«t3„ 
[0 0 4 3] (3) 2 0^*f»^f- ?7D- 

gif*iosiaijiwtje^2ooA*fcaE!Ei-5 0 

[0 0 4 4] (4) ***7*-S?lCttafe*HLfcft£i& 

[0 0 4 5] (l2 7f-/8 0 

0 ) 0>»f£&WTI3K9i1--5. 0 1 2 dllx = - KM 
<ipg|i8 0 1 CO — 2BOi$£S7*n j/^Ii^^na. x=z- 
K*iJf^Si5 8 0 1 lix- ^ 7 n -^ffilUSS DFDG, ^ # 
£$!Uf3 I NCC^§r^i-5 0 ^^^HJS I N C C 
(1, ir ^ s E L 1 fi>b 4 §r%L, 7v—fklh 
0?SDFDCro$iJP|cS<5V>T7iyf : -7 5 1 . 7 5 2S) 

fig^riDiU 7j/f85i, 8 5 2rortfi:Mt 
5 = 

[0 0 4 6] 7yf 7 5 1©rt§T*2f l^OOP 
7-<— /u KarO P- 1 , D7-f- /PKSrD- l, S 17 
-C-yUKSrS 1 - 1 k-tZ. 7 5/775 2Crtgt&c 
^2^*cDOP7-<— ^ K5rOP-2, D7^-/i/Kr 
D-2 X S 1 /PKSrS 1 -2 t-f 5„ 7yf85 

1 ©rtft-fcSS l^roo P KSrOPN- 
l, D7-f- ^ KSrDN- 1 , S l 7-<— jv KSrS 1N- 

lir-f-a, 7^78 5 2©^ftfe5l2^0P7 
^— /bK*rOPN-2, D7^— yuKS:DN-2 % SI 
7-f-;Uh'arS lN-2>f5„ 7y7852fflrtS-: 
fc3^2ift*ii$S>lc:s 2 7*r— yi'KSrWU rn^s 

2 N-2 

[0 0 4 7] 7* = — KW»W8 0 1IJ7 y^Ul 5 Oh 
©?yf"5l, 7 5 2 J:0$tefTA*fc»8Mli£O2-; 
^ B i i)*?rjsf-|S7 5 3, 7 5 4 *^LTB«3iitf s -r L 



T7fe'fT^T?<0D7^-/U K (D-l) K)l/^##fii 
»ttA*OS17-f-l'K (SI -2) XttD7-<— /U 

K (D-2) O U ?f f L^A'Sii^f-^ 7 
n-«ffl08DFDC?jjHt5, 

[0 0 4 8] i/v^^i^U'iPi^ 

i. ^-^^D-^ffilElSSDFDCIi, mWS^r8 2 1 
A-b 8 2 4£ttJ73U t>?^SELlj>b4Hilf 
n«H3tfxT(t^-IS8 1 3, 8 0 4^Lt. 5yf8 
5 1, 8 5 2lca»Lfc*lA^ *2A**»IM- 
5, ^Jo\ tl'^?SELl > S E L 2 <0— O(0A73 
ICI4 I NCC-C£j*£*tfc«3Mi»*NOP 8 2 0*fltP# 
ATJ^ftS. 
[0 0 4 9]$P,IC, -feU** S EL 2IC I* % 
8 4 O&fl'L-TT*— *7n-l*ttiE!§DFDCfcJ: 0£ 
JSfcLfcWfcfcA^aSATJSilS. (1^88 4 OlCfc (Ji? 

-*ffilHl!SDFDCiS7 y^-TSKOOP-lfc^!/^ 
7 5 2 fc>0 P-2(d£o*^T^fiicL/c:tW-C-fe l 3, 7? 
5 L 8 5 2(OOP-2tC^iffl$^5o 4J**lX5*f«:4A 
^O-Mt Ltli, 0 P- l*s 1 bfj/ I-->7 h^^asll 
•CO P-2as*DjI[**add©i:*lc4l*Six5 1 bfy h 

[0050]irU^^SEL3li, Sl-UfcBD- 
2<0-#<Ofig£jSiRU S 1 N-2lwtMfrt5fc»0>fc' 
(OTfcS. 

[0 0 5 1] -t? P^^S EL 4 12, Sl-l*fcttSl 

-2(0-;£<Of££iStRL, S 2 N- 2 df&ifrt- 

[0 0 5 2] [3 1 1 i:ii^f3-K^r-y©20(D 
A*SrM»^^-v?(0 2oro^ta;»i-<5jHaij(ftfr 

JR2A*ttA^»aSrH5 02/^ h 
> K»SStOlcaE*S*l5*»Xtt#«**nop|cttgl$ 

ns, b 1 1 oALUttSffist* «nw, **«) *?&m. 

m* (SfeSflS, tt9fo«) *i'0 2A:*jSmift*£&$fr 
■f 5**45 -C*<5. WS6Lfci5lw» zextALU ttiMMI 
'^11 A7j£Offi3§U * LTALUfStg-tSift^-Cifc 
3 = asllALUttSllHI^©* 1 A*j£ 1 hfi*>7 h 
U *LTALUStJ([-*-5il|»*-e*5 0 
[0 0 5 3] 121 1(D (1) \t2^y>YB^<D^M 

A*K»v>atJ|#*ALUi:©2 A^jjWCJbofctOSr 1 
5= 8¥**nov<OD:7^-;UK<OUv**#f-J:j$ig 
£T-ft<5 : *lc:tt* 



Atopic, J|2A**t3^9>'KO«JJft^ic2a 
[0054] 7 yf" 851, 85 2 (0&7 -A- 

r-j at, r-j (D^fjfflcoiiSr r^j <o£f|jic&,#rr<5 

[0 0 5 5] 

IF (D-l) = (D-2) , 
THEN OPN-l-nop. 

OPN-2-OP-2, 
DN-2-D-2. 
S lN-2«-S 1 -1, 
S2N-2-S 1-2 
**Wl!ittfilT©J;5l!:45. 7yf75ioop-i 

iCtt Tmovj D-1ICI2 TRNj S 1 - 1 KI2 
TRmJ aMMASftTl^ai:-*'*. 7^f752 
<0O P - 2 lC(i TALUJ D-2 I'tt fRNj S 
1-2ICIJ TRlj jSS«Hft$ix-0*<5fc-*-5. wZT-D 
-lfcD-23SS*ti TRNJ -C1si?X*tt&—&tZ> 
rtSrf'-^^B— ttU|giBDFDca5«liJi-5. *-<5 
if- ?7D- ^tiJSJSDFDCIi, SELl^nopA* 
8 2 0 5rS^-f-5 <k ? id 8 2 1 L-ir * S E L 1 
frffltPU nop** 8 2 0*7yf 8 5 KOOPN- 1 |C 
ttlfti"*. T-^n-fctBmBDFDCtt, 5yf7 
5KOD-1, Sl-lfttO**flHMl7 5 3, 8 

1 3^1X75/^8 5 lODN-1, SlN-llCfc 

[0 0 5 6] *fcf-^7B-*UI3BDFDCtt, -fr 

l/?^SEL2#7yf 7 5 2 WO P - 2 £iilft-f3 <fc 
3KIHWIS-8 2 2§r7>LT-t?i^*SEL2Sr$!Ha?) 

U 7J/f 7 5 2(OOP-2£7J/^ 8 5 2CQOPN- 

2 KftiW-f 5. ' S lb ICX-* 7 n-fcffiElgD F D C 
12, tl/^^SEL3#7j-f 75 l<OS 
1"5J:5U:fHfflflH§-8 2 3 ^Liru* * S EL 3 
*IU ?y7 % 7B10Sl-l*?yf8B20SlN 
- 2 iCtefcTfS, Sfcx-^oHfcfflisJBDFDCtt 
7 J/f" 7 5 2 <OD- 2 frflHHft 7 5 4 tr^t-T^OS* 
7yf-8 5 2(0 DN-2lCftiWi _ 5 B 
HftttllSIttDFDCIl. tW^SEL4i!75'f75 
2 (OS i-iftaKRi-*J:5te8 34«:7>L-C-fev^^^ 

SEL4M»L. 7yf7 5 2(OS 1 - 1 £S 2N- 
2 K&#i1-$„ 

[0 0 5 7] 01 1(0 (2) ttH^**mov(OD7>f-/U 
K<0 V i/ * 9 #3- t S3I**ALU(0 S17-f — JU K<0 U 

f-v?ctiii^ii-eo*ST, »2**as3*-^9 

^ K(0«^**lC^$nT)!f 
[0058] y 8 5 1,8 5 2 <D&7 j — A> KICfe 



I F (D-l) = (S 1-2) , 

THEN 0PN-1-0P-1> 
DN-l-D-1, 
S IN- 1 «-S 1- 1> 
OPN-2«-OP-2, 
DN- 2-D- 2, 
S 1N-2-S 1-1, 
S2N-2-D-2 
A*MKtt«T*>J:5?*>a s 7yf751O0P-l 
\Z\t Cmovj ri\ D-1ICIJ fRNj S 1 - 1 Icli 

OOP-2!Cli TALUJ ri\ D-2ICIS Tr x j S 

i-2iwtt trnj tftitmzux^zk-tz. zz-z-d 

- 1 t S 1-2*S*IC TRNj t'l"^?ff^- ifel" 

LTT-^7D-^ta[H]?SDFDeii, tW^^SEL 
ld?7yf 7 5 lOOP-1 (w04|-&mov^^)$:aMiR 
1--5 <fc 3{w8 2 1 Sr^L-fe Uj7 EL 1 SrfWU mo 
vA*Sr9yf-8 5 1 C0OPN- llcttW-fS. 
[0 0 5 9] r-^7D-^|H[ElJSDFDCIi, 7yf 

7 5 1 COD- 1 , Sl-lJ, *"C0**{f-§-|S7 5 3, 

8 13^LT7 5/f8 5 1(0DN-l, SlN-lKj* 

?SEL2i57>f 7 5 200P-2 SriSJR-f 5 X 0 IC 
WW(t*8 2 2 Sr^LT-feU^^SEL2firH!iJWU. 9 
7 5 2lOOP-2&7yf 8 5 2 COO PN- 2 life 
#J1-5. T-^yn-^ttKggSDFDCfi, 7f 

f-7 5 2COD-2£^00££{f-!§-#|7 5 4, 804^ 
LT^y* 8 5 2 00DN-2lC&*fl-f 5 0 * 
7D-(^ffi[5]JSDFDCIi, tU^?SEL3i>7 J'f 

7 5 l co s l - l £ 5 l-SJWf -9-8 2 3 

LttU^^SEL3SrWI9L ( ff-f-^8 0 4 ^rj'rLT 
^yf852(OSlN-2lC7J/f-75 1 CO S 1 - 1 £ 
ttlfrfS. **J9*-^7B-«UEIBDFDCtt, 7 y 
f 7 5 20S1-2 £{i 54ft 7 5 4, 8 0 4^l.T, 
^<D^7 yf-8 5 2©S 2N-2{Cttlfrf-$. 

[0 0 6 0] ^ 7yf8-5 1, 8 5 2 

(2) W*"Ca:**-f5. 01 lO(i), (2) tW«^ 

9 8 5 1,8 5 2|C»«l1-5«Srf^oTVMt 

looeiiHii© (3) «: i ^7 ^ kt&scco i tr 

/U KCOI^v* 1 £V h&->7 hfft<£asllCO D 

C0if£\ Slff^T 1 - ^Ctt* 1 A*iSS«3M)l#noplC, 
SS2 A^^*^^^ KCO 1 ify h£->7 hfft4fasll(r 

[0 0 6 2l KttTKOJ: 5^3? 



[0 0 6 3] 

IF (D-l) = (S 1 - 2 ) . 
THEN OPN-l«-nop, 

OPN-2<-OP-2, 
DN-2-D-2orD- 1. 
S lN-2«-S 1-1. 
S2N-2«-NA 
12 1 1 CO (4) I2£ 1 ft%tf&'W-$i$movX\ H2^<£ 
Xlltkftfr® 1 1 CO ( 1 ) , (2) , (3) IZ&mite 

ig$ft2 0 r^toftiij co^^tt 1 5 /^-fn.7cifeco/< 

[0 0 6 4] 1-fc;b*>. *7-f-;uKttTIEOJ: 

[0 0 6 5] 
OPN-l*-OP-l, 
DN-l-D-1, 
SIN-l'-Sl-l, 
O P N - 2 —nop 

(Hi ICO (5) |iOi£flM&#zextJ:fitlM»*ALUfc£:0 
ttHWjrA^zextALUICtt^i-SfcO-CfcS. OffiKfft 
<^zextC0D7^— /U Uv?^^ A^ALUCO 

IC, f2^^3t'<7> KOOffiMStJMl^zextALi: 

[0 0 6 6] -ffcfc*,, #7-r-;UKIiTIEOJ:5KS£ 

[0 0 6 7] 

I F (D-l) = (D-2) , 
THEN OPN-1-D0P, 

OPN - 2-zmALU, 
DN-2— D-2or D-l. 
SlN-2«-Sl-l, 
S 2N- 2«-S 1-2 
12 1 1 CO ( 6 ) 11 0 S£!Sift<£zextCO D7-f — jv KCO U 
v**#f->AQgfft<$'addCOSl 7^—/^ Y<DV~y^9^ 

ttJRlA^tt-t «)**-?, ^2^^i5 3 ^-X7^ KCOO 
ffi^D*A£zextadd|c«tfc$*t'C«3fta. 

[0 0 6 8] ^7^-^KI4TI2C0J; 

[0 0 6 9] 



I F (D-l) = (Sl-2) . 

THEN OFN- 1«-0P- 1, 
DN- 1— D - 1, 
S IN- 1«-S 1-1. 
OPN-2«-zextadd. 
DN-2«-D- 2, 
S lN-2«-S 1-1, 
S2N-2«-D-2 

[0 0 7 OJ Hiiro (7) \t%lft$frOti:&tiiiSze 
xfC, JB2d»$-Xtt*##0 1 ICO (5) Xtt (6) 

1 ft2ft*jftSft3M>£-nop£g&S 
(0 0 7 1] t<et)^ *7.<-^KttTE©J:5lwa 

(0 0 7 21 
OPN-1-OP-U 
DN-l-D-1, 
S1N-1-S1-1. 
O P N — 2 —nop 

SI 11 CO (8) ttl h£->:7hA^aslliStJM>* 
ALUir^rl tf 3/ h£v-7 h*»if|»^asllALUlC«'&i-5t 
COT*) 3, 1 If j/ h^asllC0D7>f— KO 
l^*^#^>S5^ift<&ALUCOD7^ — ;U KOV'^^ 

KCO 1 tf y h£->7 h«JM>£asllAlJUi;:8f*3*lT« 
*ft3 = 

[0 0 7 3] i-fcfcfc, #7-f-;uKttTEOJ:5li:a 

(0 0 7 4] 

IF (D-l) = (D-2) , 
THEN OPN-l«-nop, 

OPN-2«-asllALU, 
DN-2-D-2. 
S lN-2«-S 1-1, 
S2N-2-S 1-2 
SI 1 1 CO (9) ttl My h&i/y hife<£asllC0 D7-f 
—jv KCO U-^^ #■§■ 1 jJD£tf|i<SaddcOS 1 7 4 —>\> K<0 

7> KCOI tfy h£'>7 hJ!)Dgffi)£aslladdl;:£&$;ft 
[0 0 7 5] i-t£t>h, #7-<-yuKttTIEOJ:5Jca 
[0 0 7 6] 



IF (D-l) = (Sl-2) . 

THEN OPN-l-OP-1. 
DN— 1*-D — 1 , 
S IN- l^S 1-1. 
OPN-2«-aslladd. 
DN-2«-D- 2. 
S lN-2«-S 1-1, 
S 2N- 2-D-2 
mi ICO (10) ttJUA^l If j/ h£->7 hift<£as 
11T> 12^X11^501 1 CO (8) Xtt (9) IC 

CO^V i'THfr $n5 0 
[0 0 7 7] -fftfr*,, #7-f-/uKttTIEOJ:5l!:3C 

[0 0 7 8] 

OPN-l-OP-1, 
DN- 1— D- 1, 
S 1 N- 1— S 1 - 1, 
O P N — 2 —nop 

Ell ICO (11) li2OC0^^BJ1lwT — ?7n- tft£\,^ 

S-^cotro-c, &#<oa!&iimpft^ 0 

[0 0 7 9] x=- K3flJft!gB8 0 lT**£ftfc*rLl^ 
2OC0^^tt(f-§-iia8 1 3, 8 04lCi§ai$n, **ve 

x-^7n-^ai[E]8SDFDC^*J»t5 
^A*fc*0M»*i©M«©**li*«:Bll ICOPC 

7 0 0) tcft*H8 0 3Sr^fCit*+«. , 

&co/nV 7*7^ VTx a— 2 oco^^SrJiS-fS 

[0 0 8 0] $ 5>i:f3- KMflW 801 tt£fN}}<£co 
S17^-;vh* (S 1 - 1) , D7-f-;UK (D- 

1) . Se>K&i&lfr<£cOSl 7 0 3 (Sl- 

2) , D7-f- VWK5 0 2 (D-2) CO 4 OCO W^.* * 
Sf-Srft-§T8S 8 0 5 , 806, 807, 80 8^Lt 
U$/**7 7'Ol'8 0 2lCiS5o l/ , ^^77'(/l'8 0 
2rtC04 00Uv?^^COF*3^»J, (I5#8 0 9, 8 1 
0, 8 11, 8 1 2lcgE*ttiS*V, Sl2 7 5^8*7 4ft 
W7yf853 (Igl-IAT^) , 7j/f8 5 4 (IS 1 
-2A73) , 7>7^855 (H2-1A7J) , 7 5^8 
5 6 (J&2-2A7J) fcfMftSJiS. 

[0 0 8 1] Ell 5{Cfi, US?** 7 0 2C07* 

**RGSTRi Ui?XfimmiBMRCCkWm&Z 
tL5 0 U^^RGSTRtt, 4*©y — KH-hi: 2 

*©9-f **i*ftflhWM o 9 , 8 

10, 8 11, 8 12, (t*lft9 5 5, 9 5 GiCftMS 

fifoT, l/^^77^^8 0 2114001/^ 



u •>' * * ic |qp« ic# # ii tr - i tfi V * <& s 
IOO82ISI110M1), (5), (8) 
I*. (Sl-l) t (Sl-2) T'Ji7E$*l3 2OC0U 
■>*^^OrtSiS*fT»8 11,81 2 Utt^HiSiX, 7 
yf8 5 5 (I2-1AW , 7yf8 5 6 (£2-2 
A7J) i:fi»$ii5, 

[0083] 011(75 (2), (6), ( 9 ) <0»£ 

u. (si-i) TJS^snst'^^rortsasfa^Tift 

8 0 9, 8 1 IKSIWiiSiX, 7yf8 5 3 (Sl-l 
X*) i?yf8 5 5 (I2-1AW 
5= (D-2) T»SSn5U^^^rtS*sf§*»8 1 
2li:tt*iB*ft , 7^f8 5 6 (S2-2AW fcfc 

[0 0 8 4] El 1 1 to (3) (Sl-l) U 

jsj£*n5ui?^^orts*sfi*j»8 1 iicas*ais 

it, 7^f 8 5 5 0B2-UJ) KftttSiia. 
[0 0 8 5) il lO (4) , (7), (10) (OS^ 

ij, (s i - 1 ) T-Ji/E^ns uv?^^ortSAs{f-^j| 

8 0 9UlIl*Uj$ft, 7yf8 5 3 O&l-lA*) I- 

[0 0 8 61 H11O (11) nS^IJ, (Si- 
ll , (D-l) , (Sl-2), (D-2) 
z\5 4'0<D\si?Xfi<D1*l®tfig%-fo8 0 9, 8 1 0, 8 
11. 8 1 2U:K*ttl$ft, 7^f 8 5 3 (f 1-1A 
73) > 7j/f 8 5 4 (H-2AW , 7yf 855 
(3I2-1A73) , 7yf8 5 6 (^2-2A7^) icfe 

[0 0 8 7] ((Hff^v^-^)) agicu^s^x-^'g 

0 0 !:I37 f^g£9 5 0k<D&tH7n ytmfr^Zil 
5= ^3^7^-^9 0 0 11, fcWftmUQ 0 I bALU 
(Alithmetic Logic Unit) ^Sr^trTgg^g 9 0 2, 9 0 

3 til A73SS3M089 04, 9 0 5, 1^9 0 6, 

9 0 7 >T-fl?/ijc$n5o g3^f-y9 0 0ffe5I)T 

[0 0 8 8] ft]Mi9 0 2 > 31 1 ASSESS 9 0 4 II 
*fTA£8r8UM-3fc»©0iS-e, »2 9yf-W8S0 
rt02O(07'/f 8 5 3, 8 5 4;4>lb&l - 1 A2>, 31 
l-2A*i««-Wl8 5 9, 8 6 0 £y> LTigJRIg 9 0 
e'.Z&btlZ, £fc, S3 7yfS¥9 5 0rt<D2oCD7 
J/f9 5 3, 9 5 4j&»fc»lltia, 3S2di*asm*i»9 
5 5, 9 5 6Sr^LTSlRSf 9 0 6^^bix5 0 

[0 0 8 9] S^H 9 0 6 ttff 8 5 9, 9 5 5X0 
9 5 6©5*>OloSrft*»l 0 0 llCt$VMStRLTS 

1 A730SS9 0 4XU f f§*»9 1 2 *ry>L.-C?Jtg3f 9 0 
2ilT-^^ji5o 3HRH9 0 6ttfg*|ft8 6 
0, 9 5 5&t>*9 5 6(D9*J<^lO?rff-§-||l 0 0 lie 
i*t^jliRLTfll*H9 1 3*^U-C»JHI9 0 2 1-x- 



[0 0 9 0] f?tgf&fjfij)g|5 9 0 1 (IS 2 7 y f-S* 8 5 0 Pi 

©7 y*-8 5 1 ©AftSrKDia*, ^o^tisgicft^ 

j£gS§9 0 2, Hi A73SBSBSS9 0 4 ar(f^9 1 1 
k 9 0 8-CWSPU £ff<ft£o££cDjai?£fT?, 

tgl^I (3?lffi73) Ul37?fS9 5 0rt(O7y 
7^9 5 3lCfg#469 i 8£7>LT&^$ftS 0 
[0 0 9 1] -7J, 90 3ill ASBfiBS 9 

0 5 tt&«**&Rjr*-5fc»<0|B|!5-e, g2 7 -ylf-n 

8 5 0(^C02OC07 8 5 5, .8 5 6^61 2-lA 
73, *2-2Aa#ft*»8 6 1, 8 6 2 £t> L"Cil^ 
119 0 7|C&£,ix3 0 *3?s,*#9 5Ol*i<0 2 
^7^9 53, 9 5 4tf>ib3Slt±573, f&2tiififfitg 

*»9 5s, 9 5 6Sr^LTaKR»9o ncaibns, 

[0 0 9 2] S^S§9 0 7««^8 6 1, 9 5 5RU 

9 5 6<noh<n loSrft-Mli o o 2ictt^»«i,T* 

1 A7J0SS 9 0 5 & Vft-WI 9 1 4 Stt> UTiWH* 9 0 
3(C7-'-*£i£5 0 S7c, 33#S§90 7 «»■§■» 8 6 
2, 9 5 5&T>*9 5 6<73 9*,<7)lo$rff^l 0 0 2(3 
^^iHRLTff-f-^9 1 5 &7>LT7Hg2i9 0 3Cf- 
*£i£5o »»*J»8B9 0 lttJ(S2 7y7 % »8 5 0rt«) 
7 j/7^8 5 2<7*ft£-£©>JiA*, *<DA£«MBfc«E^« 
Sli9 0 3, ^1 A73^SlH]iS 9 0 5 9 1 0 > 
9 0 9 i-ciM»U ««6A*ofe«>oj»3ISrff 5. *L 

■C»jROll (3l2Jij?3) I4*3?yf89 5 0rt07y 
7^9 5 4lw(t^M9 1 9 Sry>LTfe«ft$tt5 0 
[0 0 9 3] gJUbtf, Hfr^X-v 5 (H3^f-y'9 0 
0) ©ffilTfeii!, sladd^^-^zextadd^^-fCO^T 
ffiSift^LT*3<. aslladd^^-^zextadd^^-li, flQg 
% 5 9 0 2 £ Tell 9 0 3^HA;1* 

SMsai-actTum-?**. -f-fcfrfcs&iAasrsiw 

S!^a«A^-f50-C4<. Il A73U5SESS9 0 4 * 
til 9 0 5 KA73L-£-n£S5gfiJfllgI5 9 0 l^ftJfiPU 
l if y h£->7 H^»0ttK©giBS:fToT*i#, -?:n*r 
7ltg^9 0 2£/cli9 0 3~A73L, T-il^OAOg 

[0 0 9 4] «#*ii*^7 4 — 01 0li(lS4^T 
-^10 0 OOftf^SrttMi-ftfcfeO^n y ^BI*s^$ 
I4^f-^i o o oil, u>>;** 

1 0 1 0 > 7*!7-7-f ^fWWigtt 1 0 2 0 t 

l4^7-i/1 0 0 0-Cfe5>v ! ^^^f# 

[0 0 9 5] (1) 2 0©*^Wfll3tS*€:fflS$nA: 
S^-O u -^7. ^ iitr„ 
[0 0 9 6J (2) 2 0©A*©«Jia*^^ a y ^ 

,? 5 S2 7s/f L i¥8 5 0rt(C7 j/7 v $tlT^5liT'^<, 
137 y 7^1*9 5 0rtlw7i'7 v $nT(r^(fiSr?S»lfi^ 

[oo97] *t ( a) ©A&aa»&iMj-f3 s *4* 



t 1 — •>' 1 0 0 012, £3 7 yf-H9 5 OPVKy j/f 9 5 
1, 9 5 2 A»&IMlc»H$ftfc2o*>A4*$rffl*l*9 
5 7, 9 5 8 Sr^LTUi?^^#-IJ-»ttl3!8l 0 1 OIC 
BfJi&tf. Stf37j'flj69 5 0rtO7yf9 5 3 < 
9 5 4jJ»fciIlW0JMra*0iI8r{I*|*9 5 5, 9 5 6 
L"C, l^**#*#KEl!6l 0 1 012 

-§-$1 0 0 3, 1 0 0 4lcj£tiiLT£2*x 
—✓8 0 0©l'v^^77'f^8 0 2 (OS^ii^Uv 5 ^ 

[ 0 0 9 8 ] ftd ( 2 ) OjaaSr^i-^o $4 XT- 
✓ 1 0 0 012, §275'f88 5 0rtO7j'f851, 
8 5 2*»6^I3«Jli--<# 2otf3iff}£-£{f ^§-$8 5 7, 

8 5 8 &ftLXy*V—?'(>?MW§Ml 0 2 OlCflfc 
UiitP. 3f?37 5/^1*9 5 8^075/7^9 5 1, 

9 5 2i»&mwicatj|[$nfc2o^>«^*flr*ii9 5 

7, 9 5 8*^LT7*7— f-fi'^fWWSHl 0 20 
Iwfljt9 iitp. LT, ^P-tV^IMWEIISI 0 2 
0 ttlfflteSif? £ tlfclfo*© 2 0(0 D 7 j —;u h'ft<D V 
2***#*i4 , IS8t*3*L5'<# 2O0)4»*0>S1 7* 

— ./u K, S2 KroS-§-|z|DCt)<0^*>5A^« 

T, S27yfff8 5 0rtO7j'f8 5 3, 8 5 4, 8 
5 5, 8 5 6^WftT'/£<, |37?fS9 5 0(*iO7 
yf 9 5 3, 954 ftcDfit ({§■!§-$! 9 5 5, 9 5 6 ) ifi 
?Hg$ff9 0 2, 9 0 3 lcA7J$n-5<t ?J=.7>!7 — 7*4 
1 0 2 0 I2{t-5HI 1001, 1 0 0 2 £i§ 
ttiL-C2 0WiSS?S9 0 6, 9 0 7 Sr^Jp-f^o 
[0 0 9 9] fa 1 3 iaZ&%W<DX- 

/<*7J 7iaSI-*J^TA^J*SfigiJ(^^ n i/tV£<0£. 

A-r 5 A*Ma«fiisijo ^D5/^-ct'<D«fc9i- 

4&a*ftTV*<a»fc>i*£il"C^3. *»WTtt, l^o 
2o©<fh**&ai«TIBJ:fcoTV'><5. 

<3HTB»M#g<fca {i0A*jUfc*i^-ctt*&4 o% 

[0100] jfefT^^ rt 5 inov, zext, asll^Olcj^^ 

loO^|:3g»L, loco* n s/ * T0l*rt-5<O 
-C, Lto^n y*S«rlM'*-c#, K*fl:«:Hix 

t. loO^D j/*-Cl£frt3tf>-C\ ±#k LX<D?v 
s>*ft*»Jifr?#. HiBftSrEMt-S. 

[0 10 1] «^^D3^a-^ClflW Bi 
4 iCtt#389J0*— 9*^Srffll'^^W ^7"o 



3>f a — ^•>^7 l ^,^5^$iX5 5 

*MCUI2, t^g^gCPUi. iWi'|*jft»l3 
= s/hFPUt. «ftatJI«rtBS:*-*-5*JI«MULT 

CACHE t, Jf-fy>a3^FD-7CCNTi, fl> 
^✓■C7N-0^7i— *EB I F t, 3 2 tj/ MSgr K 

i/^LABusi:, 3 2 f j/ vvmr v^xf— 9 

/^PABUSi:, 3 2 tfs/ hr-^^DBUS, D 
B S t £¥*£ B V>y a^© J: 5 4*i*fH&E±K»J*£ 

n, ttJiswjtsjia (7*7^^s/^/<5/>7-— ✓ic#f±$ 

[0 10 2] ^^nai/^a-^MCUIJ, K 
^✓■?* E A B t x — E D B LTDRAM^CD ? 

[0103] f**aagBcpu»2, nete^sfia/* 

^7*7^^'f-^^-C»)SSJl5 t fc«U M3* 
X— is b%4 XT— is t <nffl\Z ^|)7 ?±XXT—i/ 

7*— 7 0 3tt, 
CACHEXH*E«tt«fcMlC5*lSU *4i*aggg 
CPUrtl:tt#4Lft^. f*«li^SCPUIJ2/q 

2, 9 0 3(1, 3 2 tfs/ hS<OALU^Sr^-n-?:'tl*-r 
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